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SYSTEM USING A POLAR COORDINATE STAGE AND CONTINUOUS 
IMAGE ROTATION TO COMPENSATE FOR STAGE ROTATION 
Robert Buchanan 
Richard A. Yarussi 
Blaine R. Spady 

BACKGROUND 
Field of the Invention 

This invention relates to measurement and inspection systems that use polar 
coordinate stages to position samples. 

Description of Related Art 

Many measurement and inspection systems mount samples such as 
semiconductor wafers on X,Y stages. An X,Y stage can move a sample in two 
independent orthogonal directions X and Y to select an area of the sample for 
viewing, imaging, or measurement. For example, an X, Y stage can move a wafer 
to select and position an area of the wafer in the field of view of an imaging 
system. The travel distances of the X,Y stage in the X and Y directions determine 
the size of the largest sample that can be inspected from edge to edge, and large 
samples require large travel distances. Accordingly, inspection systems have 
become larger to accommodate larger samples, for example, larger diameter 
semiconductor wafers. 

The space required to accommodate the range of motion of an X,Y stage 
has a width that is equal to or greater than width of the sample plus the travel 
distance in the X direction and a length that is equal to or greater than the length of 
the sample plus the travel distance in the Y direction. Fig. 1 illustrates a system 
100 that uses an X,Y stage to position a circular sample 110. System 100 includes 
an imaging and/or measurement system (not shown) that can be, for example, a 
video camera, a microscope, an interferometer, a reflectometer, an ellipsometer, an 
FTIR spectrometer, or any type of spectrophotometer. Such systems typically a 



field of view 130 that is much smaller than sample 1 10 To view the left edge of 
sample 1 10, the X,Y stage moves sample 1 1 0 to a position 1 12 where the left edge 
of sample 1 10 is in field of view 130. Position 1 12 is offset to the right from the 
central position of sample 1 10 by the radius r of sample 1 10. A position 1 16 for 
5 viewing the right edge of sample 1 1 0 is offset a distance r to the left along the X 
axis from the central position. Accordingly, the X,Y stage must have a travel 
distance of 2r along the X axis for edge-to-edge inspection of sample 1 1 0. 
Similarly, the X, Y stage must have a travel distance of 2r along the Y axis, and a 
minimum area 120 required for an X,Y stage capable of positioning sample 1 10 for 

10 edge-to-edge viewing is about 16*r 2 . 

Many applications require the sample to be accurately positioned and 
oriented or at least require accurate information regarding the position and 
orientation of the sample relative to the X,Y stage. This requirement is common in 
automated semiconductor manufacturing where the samples are generally round 

15 semiconductor wafers. A wafer's position can be accurately determined by rotating 
the wafer about a rotation axis and monitoring the variation in the perimeter 
location of the wafer as a function of the rotation. An analysis of the measured 
perimeter variations can accurately determine the offset from the rotation axis to 
the center of the wafer. Additionally, the process can identify the orientation of the 

2 0 wafer because most semiconductor wafers have an orientation indicator such as a 
notch or a flat on its perimeter. An edge detector detects when the flat or notch in 
the wafer's perimeter rotates past. Examples of such position detector systems, 
which are often referred to as prealigners, are described in U.S. Pat. No. 4,457,664 
of Judell et al., U.S. Pat. No. 5,308,22 of Bacchi et al., U.S. Pat. No. 5,51 1,934 of 

2 5 Bacchi et al., and U.S. Pat. No. 5,5 1 3,948 of Bacchi et al. Prealignment for an X,Y 

stage requires addition of structure such as a separate prealignment station, from 
which the wafer is transferred to the X,Y stage after prealignment, or a rotatable 
sub-stage on the X,Y stage for rotating the wafer. 

Fig. 2 illustrates a system using a polar coordinate stage to position sample 

3 0 1 1 0. A polar coordinate stage has a rotatable platform mounted on a linear drive 
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mechanism. The linear drive mechanism moves the platform and a sample along a 
coordinate axis R, and the platform rotates the sample about the rotation axis of the 
platform. A polar coordinate stage requires significantly less area when 
positioning sample 1 10 for edge-to-edge inspection. In particular, a travel distance 
5 r (the radius of the sample) along axis R is sufficient to center in field of view 130 
any radial coordinate p in the range from 0 to r. Rotation of sample 1 10 then 
selects an angular coordinate 0 so that any point on sample 1 10 can be positioned 
in field of view 130. Since the polar coordinate stage only requires one- 
dimensional linear motion and half the travel distance of an X,Y stage, the polar 

1 0 coordinate stage takes much less area than an X,Y stage requires. In particular, a 
polar coordinate stage needs an area of about 6*r 2 , which is less than 40% of the 
area that an X, Y stage requires. 

A disadvantage of a polar stage is the portion of sample 100 in field of view 
130 generally appears to rotate when the stage rotates sample 100 to move from 

15 one inspection location to another. Thus, different areas appear to have different 
orientations when an operator or machine vision software views the sample 
through an imaging system. Additionally, the speed of movement generally varies 
from one location to another for any constant stage rotation speed. In some 
measurement systems, an operator observes an image of a portion of the sample 

2 0 being measured or inspected and controls movement of the sample to select which 
areas are measured or inspected. With a polar stage, image rotation and variable 
image motion can easily confuse or disorient the operator when the operator is 
continuously viewing or inspecting sample 1 1 0 and moving the sample from one 
position to another. Accordingly, systems and methods are sought that provide the 

2 5 area savings of a polar coordinate stage but avoid the confusion of image rotation 

and variable speeds of motion. 

SUMMARY 

In accordance with an aspect of the invention, a system including a polar 

3 0 coordinate stage and an imaging system rotates an image to continuously 
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compensate for image rotation that results when the polar coordinate stage moves 
from one part of a sample to another. In one embodiment, a control system accepts 
from a control such as a joystick, a mouse, or an external computer, control 
commands which define the desired direction and speed of an image shift. The 
5 control system determines the required motion of the polar coordinate stage and the 
required image correction to achieve the desired image shift. The control system 
generates the signal required to conform to the control commands and applies the 
required signals to the p and G drives in the polar coordinate stage. Image 
correction is performed by mechanically varying the imaging system or by 

10 processing image signals to rotate the image being viewed. 

In one embodiment of the invention, the imaging system includes active 
opto-mechanical image correction. For example, when the image system includes 
an optical microscope, an optical element such as a dove prism which rotates an 
image by an amount that depends on the variable property of the optical element. 

15 When the image system includes a scanning beam microscope, such as a scanning 
electron beam microscope, the active image rotation unit rotates the scan direction 
to rotate the image. The control system calculates and applies the required signals 
to adjust the active image correction device and achieve the necessary image 
correction. For example, the control system can rotate a dove prism or a beam 

2 0 deflector at the appropriate rate and direction to maintain the image orientation 

while the stage moves. Alternatively, the imaging system provides a first image 
signal representing an image that rotates as the stage rotates the sample, and the 
control system electronically processes the first image signal to generate a second 
image signal that maintains the desired orientation while the stage rotates. 
25 In accordance with another embodiment of the invention, a measurement 

system includes a sample measurement subsystem, an imaging system, a polar 
coordinate stage, and a sample prealigner. The prealigner includes an edge 
detector that during a prealignment process measures the location of the edge of a 
sample while the polar coordinate stage rotates the sample. Accordingly, 

3 0 prealignment can be completed without additional structure for rotating the sample. 
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After prealignment, an alignment (or deskewing) process uses pattern recognition 
to precisely locate features on the sample and from the locations of the features, 
provides a precise indication of the location of the sample. During alignment, the 
polar coordinate stage moves the sample so that a feature is in the field of view of 
5 the imaging system. When moving the feature into the field of view, the image of 
the sample is rotated, so that the feature has a known orientation. Since the 
orientation of the feature is approximately known, pattern recognition software can 
more easily and more quickly identify the location of the feature within the field of 
view. Thus, the alignment process is relatively fast. Once the sample is aligned, 
1 0 the stage moves the sample to points where the measurement subsystem measures 
the sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 respectively illustrate the areas required for Cartesian and 
15 polar coordinate stages that have the same coverage capability. 

Fig. 3 is block diagram of an embodiment of the invention using an optical 
microscope and optical image rotation. 

Fig. 4 is block diagram of an embodiment of the invention using software 
to rotate an image. 

2 0 Fig. 5 is a plot of edge position measurements used in a prealignment 

process for the system of Fig. 3 or 4. 

Fig. 6 is a flow diagram of a system control program for the system of 
Fig. 3 or 4. 

FIG. 7 illustrates the relationship between the image axes and stage axes. 

2 5 Use of the same reference symbols in different figures indicates similar or 

identical items. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with an aspect of the invention, a system for measuring, 

3 0 viewing, or inspecting a sample uses a polar stage on which the sample is mounted. 
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A control system which receives operator commands for linear movement of the 
sample, generates signals to the polar coordinate stage as required to achieve the 
linear movement, and rotates the image during motion to preserve a fixed 
orientation of the sample as viewed by the operator. Accordingly, an operator can 
5 easily and intuitively control the direction and velocity of the sample's motion. 

In accordance with another aspect of the invention, an edge detector detects 
the location of the edge of a circular sample such as a semiconductor wafer while 
the polar stage rotates the sample. Processing of the edge measurements allows a 
precise determination of the position of center of the wafer and identification of an 

1 0 orientation indicator such as a flat or a notch on the edge of the wafer. 

Accordingly, the stage does not require additional degrees of freedom or additional 
structures for prealignment of the wafer. 

FIG. 3 illustrates a measurement system 300 in accordance with an 
embodiment of the invention. System 300 includes a polar coordinate stage, an 

15 imaging system 330, an operator interface 340, a control system 350, and an edge 
detector 320. Polar coordinate stage 320 is a standard polar coordinate stage such 
as commercially available from a variety of sources and includes a linear drive that 
moves a rotatable platform on which sample 3 10 is mounted. Polar coordinate 
stage 320 can rotate sample 3 1 0 by 360° about a rotation axis of the platform. A 

2 0 rotary encoder monitors the angular orientation 0 of the platform relative to a linear 

drive direction, which is the direction along which the linear drive moves the 
platform as the linear drive setting p changes. The linear drive direction is also 
referred to herein as the R coordinate axis. A linear encoder monitors the linear 
position of platform along the R coordinate axis. The maximum linear travel of the 
25 platform along the R coordinate axis determines the radius of the largest sample 
which imaging system 330 can view completely, assuming that imaging system 
330 is stationary. 

Imaging system 330 is for viewing or inspecting regions of sample 310. In 
system 300, imaging system 300 is an optical microscope that includes a lamp 332, 

3 0 a beam splitter 333, lenses 334 and 335, and a camera 338. In operation, beam 
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splitter 333 reflects light from lamp 332 onto an object area on sample 310, and 
objective lens 334 that produces a magnified reflected light image of the object 
area. Lens 335 projects the image into camera 330, and camera 330 generates a 
signal representing the image that a monitor 348 displays. Lenses 334 and 335 are 
5 merely illustrative of optical element. Additional optical elements are typically 
required to achieve the desired field of view and magnification of a suitable 
imaging system 330. In one embodiment, imaging system 330 includes a confocal 
microscope. 

A measurement subsystem 337 can also be associated with imaging system 
10 330 to measure particular properties, such as reflectance, at a point in or near the 
region of sample 310 being viewed. For example, measurement subsystem 337 
may include measuring equipment that measures reflectance at one or more points 
in the field of view. In an optical system, measurement subsystem 337 may 
include for example, an interferomter, a reflectometer, an ellipsometer, an FTIR 
15 spectrometer, or any type of spectrophotometer. Subsystem 337 can measure 
sample 310 through other elements of imaging system 330 or operate 
independently to measure a point or points in or near the field of view of imaging 
system 330. 

Imaging system 330 further includes image rotation optics 336 which 
2 0 provide an adjustable rotation of the image to cancel image rotation that stage 320 
causes when moving sample 310. In an exemplary embodiment of the invention, 
image rotation optics 336 includes a motor driven dove prism. Dove prisms are 
well known optical elements that provide image rotation about an optic axis, in this 
case the optical axis of imaging system 330. Control system 350 generates a signal 

2 5 that rotates the dove prism at a rate that compensates for rotation of sample 3 1 0 

and prevents the image formed in camera 338 from rotating. 

In an alternative embodiment, imaging system 330 includes a scanning 
beam microscope such as an electron beam microscope or an ion beam microscope 
that scans a region of sample 310 and forms a video image. The video image 

3 0 conventionally has horizontal raster lines which correspond to the scanning 
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direction of the scanned beam. In such an embodiment, image rotation unit 336 
includes a beam deflection system can rotate the direction of scanning. Rotating 
the direction of scanning direction results in a rotation of the image on monitor 
348. 

5 Operator interface 340 is for observing the image of an object area of 

sample 310 and controlling movement of the field of view of imaging system 330 
across sample 310. Operator interface 340 includes monitor 348 and operator 
control 342. Monitor 348 is a conventional video monitor capable of displaying an 
image represented by a signal from video camera 338. In particular, monitor 348 

10 displays the image of the object area of sample 310, and an operator uses operator 
control 342 to change the object area in the field of view of imaging system 330. 
Operator control 342 is for inputting movement commands and directing the 
motion of the field of view across sample 310. In an exemplary embodiment of the 
invention, operator control 342 is a joystick but many alternative operator controls 

15 are suitable. For example, a region of monitor 348 can display control buttons that 
are software operated through the actions of a touch sensitive screen, a mouse, a 
track ball, a touch pad, or another pointing device. In the exemplary embodiment, 
an operator, observing the image from camera 330 on monitor 348, moves the 
joystick in a direction which corresponds to the direction in which the field of view 

2 0 should move relative to the displayed image. The degree of joystick movement 
determines the speed of image motion. 

Control system 350 is a computer system that receives control signals from 
operator interface 340 and generates control signals to stage 320 and imaging 
system 330. Control system 350 includes a command module 352 that interprets 

2 5 the signals from operator control 342 and generates signals for controlling stage 

320 and imaging system 330. In particular, command module 352 includes 
software that control system 350 executes to monitor and control p and 8 settings 
of stage 320 and control the angle through which image rotation unit 336 rotates 
the image. As stage 320 moves sample 310, command module 352 sends a 

3 0 command via image rotation control unit 354 to image rotation unit 336 which 



responds by rotating the image. The image rotation is in a direction opposite the 
rotation of sample 310 so that the orientations of features appearing in the image 
remain fixed on monitor 348. For example, when the operator directs movement of 
the image along a feature that initially appears horizontal on monitor 348, control 
5 system 350 generates and applies a control signal to image rotation unit 336 to 

compensate for stage 320 rotating sample 310, and the feature in the image remains 
horizontal as the image moves. In the exemplary embodiment, image rotation 
control 354 includes a hardware interface conveying information to and from 
image rotation unit 336. 

10 Control system 350 also determines and applies signals to an angle control 

unit 356 and a radius control unit 358 so that stage 310 moves sample 310 at the 
desired speed in the desired direction relative to the displayed image. In the 
exemplary embodiment, control units 356 and 358 combined include a hardware 
interface conveying information to and from stage 320. Known computer 

15 controlled polar stages and their interfaces are suitable for system 300. Control 
system 350 further receives signals from edge detector 360 for a prealignment 
process described below. The prealignment process provides a precise indication 
of the orientation and position of sample 310. 

Fig. 4 is block diagram of an inspection or measurement system 400 that 

2 0 uses software for image rotation. System 400 includes a stage 320, an operator 

interface 340, an edge detector 360, and a measurement subsystem 337 which are 
the same as those described above in regard to system 300 of Fig. 3. System 400 
also includes an imaging system 430 and a control system 450. In system 400, 
imaging system 430 does not include an optical or mechanical system for rotating 
25 the image. Instead, control system 450 includes an image rotation unit 454. Image 
rotation unit 454 includes an acquisition board that receives a video image signal 
from camera 338 and a module from rotating the video image. Typically, software 
performs the image rotation, but alternatively, hardware could be designed that 
electronically rotates the image. When command module 352 directs stage 320 to 

3 0 rotate sample 310, the image from camera 338 is of a rotating (and moving) portion 
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of sample 310. Image rotation unit 454 processes the input video signal to 
compensate for the rotation and generates an output video signal representing a 
moving image which preserves the orientations of features on sample 3 1 0. Control 
system 450 then provides a video signal representing the corrected image to video 
5 monitor 348. 

In one exemplary embodiment of system 400, stage 320 is a polar stage 
available from Kensington Laboratories and is used to mount semiconductor 
wafers up to 200 mm in diameter. Additionally, a z coordinate stage can be added 
to or integrated into stage 320 for focusing for imaging system 430 and/or 

10 measurement system 337. For example, imaging system 330 can attach to the z 
coordinate stage for focusing on a wafer on the polar coordinate stage. Imaging 
system 430 includes an optical microscope that provides a field of view at sample 
310 which is about 1.3 mm x 1 mm. Imaging system 430 also directs light from a 
small spot (about 15 microns in diameter) at the center of the field of view to a 

15 spectrometer which collects data on the reflectance. This data can be used for 
determining the film thickness. A co-filed provisional U.S. patent App. entitled 
"Compact Optical Reflectometer System", of R. Yarussi and Blaine R. Spady, Ser. 
No. UNKNOWN, Attorney docket no 7556-0001, describes some suitable 
measuring and imaging systems and is hereby incorporated by reference in its 

2 0 entirety. 

Control system 450 is a computer such as a 400 MHz Pentium II-based 
personal computer having a video capture board for connection to video camera 
338 and an interface for connection to stage 320. Video capture boards capable of 
performing real time image rotation are commercially available from a variety of 
25 source including, for example, Visicom, Inc. The interface board required for 

connecting control system 450 to stage 320 depends on the stage manufacturer. In 
this embodiment, operator control 342 is implemented in software as controls 
appearing on monitor 348. 

Before an operator uses system 300 or 400 to measure or inspect sample 

3 0 310, prealignment and alignment processes accurately determine the position and 
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orientation of sample 310. Typically when a sample such as a wafer is placed onto 
stage 320. the position of the center of sample 3 1 0 is known only to within one or 
two millimeters, and the angular orientation the sample 3 1 0 may be completely 
unknown. In accordance with an aspect of the invention, a prealignment procedure 
5 uses edge detector 360 and stage 320 to determine the position and orientation of 
sample 310. For the prealignment procedure, a light source (not shown) below 
sample 310 illuminates sample 310, and sample 310 casts a shadow onto edge 
detector 360. Edge detector 360 includes a linear detector array located above 
sample 310 and precisely identifies the edge location of the shadow of sample 310 

1 0 while stage 320 rotates sample 3 1 0 through 360°. If sample 3 1 0 is nearly circular 
but not perfectly centered on the stage, the position of the shadow on detector 360 
moves slightly as stage 320 rotates sample 310. 

Fig. 5 shows a typical graph of the angular position of stage 320 versus the 
position of the shadow of sample 3 1 0 when sample 3 1 0 is a circular wafer having a 

15 notch in its perimeter. The position of the shadow of sample 310 generally follows 
a sinusoidal curve except where the notch causes a spike 5 1 0 in the sinusoid. The 
angular orientation of sample 3 1 0 is found from the position of spike 510. The 
offset of the center of sample 310 from the rotation axis of stage 320 is a vector 
having a direction identified from maxima/minima of the sinusoidal curve and a 

2 0 magnitude of half the amplitude of the sinusoidal curve. Known statistical analysis 

techniques can be applied to the shadow position measurements (neglecting the 
spike) to determine the offset. For the exemplary embodiment of system 400, the 
position of the wafer is then found within approximately 0.2 mm. 

This is not accurate enough for many applications. The next level of 
25 alignment is a deskew procedure. This procedure can be done with a video camera 
that looks at a field of view on the order of 1 mm x 1 mm and identifies a feature 
such as an alignment mark in the field of view of sample 3 1 0. Imaging systems 
330 (Fig. 3) and 430 (Fig. 4) fit these requirements, and can be used for the 
alignment process. Since the prealignment procedure aligns sample 310 to 

3 0 approximately 0.2 mm, a 1 mm x 1 mm field of view centered on the expected 
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location of the desired feature will include the feature. Pattern recognition 
software executed in the control system can then be used to find the position of the 
feature to within a few microns. Repeating the alignment process with a feature in 
another location on sample 3 1 0 can accurately find the position and orientation of 
5 sample 310. If stage 320 is accurate enough, any point on sample 3 1 0 can be 
found within a few microns simply by controlling the settings of stage 320. If 
stage 320 is not sufficiently accurate, the pattern recognition is repeated at 
subsequent measurement points. Now that the wafer has been accurately located, 
optical measurements can be made. 

10 Fig. 6 shows a flow diagram illustrating a process 600 for control of the 

polar coordinate stage 320 and image rotation unit 454 and determination of the 
position of sample 310 on stage 320 of Fig. 4, during measurement or inspection of 
sample 310. An initial block 610 initiates the system control program in control 
system 450. An initial inquiry 620 of process 600 determines whether sample 310 

15 is present on stage 320. An object-present sensor or the operator responds to 

inquiry 620, if no sample is present, process 600 ends in step 625 by reporting an 
error (no sample present). If sample 310 is present, block 630 implements the 
prealignment/alignment process described above. In particular, stage 320 rotates 
sample 310, edge detector 360 measures edge positions, and control system 450 

2 0 analyzes the edge position measurements to identify an offset between the rotation 
axis of stage 320 and the center of sample 310. If necessary, sample 310 is then 
more precise using a deskewing procedure. Prealignment/alignment step 630 can 
be omitted when precise alignment of sample 3 1 0 is not required, for example, 
when sample 3 1 0 is simply inspected visually. 

2 5 Once sample 3 1 0 is present and properly aligned, process 600 moves 

sample 310 according to the commands from an operator. In step 640, control 
system 400 receives Cartesian input commands from the operator. The input 
commands indicate a desired movement direction and speed relative to the image 
on monitor 348. Block 640 converts the Cartesian input commands to polar 

3 0 coordinate output commands for stage 320, and block 660 applies the appropriate 
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signals to stage 320 to move sample 3 1 0. Step 670 is simultaneous with step 660 
and rotates the image to cancel the rotation of sample 3 10 in step 660. 

To illustrate conversion and image rotation steps 660 and 670, Fig. 7 shows 
the relationship between the X and Y coordinate axes and the R coordinate axis of 
5 stage 320. The X and Y axes are fixed on sample 3 1 0 and centered on the rotation 
axis 710 of platform on which sample 310 is mounted. As noted above, rotation 
axis 710 is typically offset from the center of sample 310 by an amount determined 
during prealignment and/or alignment. Rotation axis 710 of stage 320 passes 
through the R coordinate axis. The R coordinate axis corresponds to the direction 

10 of linear motion of stage 320 and has an origin that remains in the center of a field 
of view 740 of the imaging system. A view point 720 on sample 310, which is 
currently at the center of field of view 740, has polar coordinates p and 9 relative to 
rotation axis 710. Coordinate p is the distance that stage 320 moved sample 310. 
Coordinate 0 is the angle through which stage 320 rotated sample 3 1 0. 

15 Image rotation 670 preserves the orientation of the X and Y axis as viewed 

on monitor 348. For example, X axis if initially directed horizontally remains the 
horizontal direction on monitor 348 regardless of how stage 320 rotates sample 
310. Accordingly, if the X axis is initially along the R axis, step 670 rotates the 
image by -9, where 9 is the polar coordinate of view point 720. 

2 0 In general, the Cartesian input commands indicate a vector V having X and 

Y components Vx and Vy, and the magnitude | V | of the vector indicates the 
speed of movement of the view point in the image. In one embodiment of the 
invention, step 650 continuously converts velocity components Vx and Vy to a 
radial velocity Vr and an angular velocity co. Radial velocity Vr controls the 

2 5 velocity at which stage 320 moves sample 3 1 0 in along the R axis, and angular 

velocity co determines the angular velocity of rotation of sample 310. The velocity 
components can be determined from vector V and the coordinates of view point 
720 using equations 1 . 

3 0 Equations 1: 
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Vr = Vx * cosG + Vy * sin G 
© = (Vx * sin9 - Vy * cosG) / p 

Alternatively, when stage 320 uses coordinate settings rather than velocity 
5 settings, the input commands are sampled at a fixed frequency so that the 

components Vx and Vy indicate small displacements AX and AY which are the 
product of the velocity components and the time between samples. Displacements 
AX and AY shift a point 730 to the center of the field of view 740. In this case, 
step 650 converts the displacements AX and AY to polar displacements AG and Ap. 

1 0 The polar displacements AG and Ap have magnitudes that depend on displacements 
AX and AY and the coordinates (X,Y) or (G ,p) of current view point 720. Such 
conversions involve well known geometric technique. It is desirable that stage 320 
move sample 310 uniformly so that the displacements AX and AY require the full 
time between consecutive samplings of the input commands. Accordingly, to 

15 achieve this, the stage velocities need to vary according to the magnitude | V | , and 
the angular velocity needs to vary with radius. However, discontinuous shifts of 
sample 310 are imperceptible by the operator if the sampling period is sufficiently 
short, for example, if the sampling and shifting rate is higher than the frame rate of 
monitor 348. 

2 0 Although the invention has been described with reference to particular 

embodiments, the description is only an example of the invention's application and 
should not be taken as a limitation. In particular, even though much of the 
preceding was aimed at systems using imaging systems that are optical 
microscopes, alternative embodiments of this invention include other imaging 

2 5 systems such as electron-beam or ion-beam microscopes. Various other 

adaptations and combinations of features of the embodiments disclosed are within 
the scope of the invention as defined by the following claims. 
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We claim: 

1 . A device comprising: 

a polar coordinate stage that includes a linear drive and a rotatable platform 
mounted on the linear drive, wherein an object to be imaged is placed on the 
5 rotatable platform; 

an imaging system; 
an image rotator; and 

a control system coupled to the polar coordinate stage and the image 
rotator, wherein the control system controls the image rotator and causes the image 
10 rotator to rotate an image to compensate for rotation of the rotatable platform and 
preserve orientations of features in the image. 

2. The device of claim 1, wherein the control system applies control 
signals to the polar stage to control movement of the object and applies control 

15 signals to the image rotator to compensate for the rotation of the object. 

3. The device of claim 2, further comprising an operator interface 
including a monitor for viewing the image. 

2 0 4. The device of claim 3, wherein the operator interface further comprises a 

control coupled to send to the control system commands indicating a desired 
motion of the image viewed on the monitor. 

5. The device of claim 1 , wherein the rotatable platform has a rotation axis 
2 5 that intersects a linear drive axis along which the stage moves rotatable platform. 

6. The device of claim 5, an optic axis of the imaging system is stationary 
relative to the polar stage and coincides with the linear drive axis. 

30 7. The device of claim 1 , a setting of the linear drive indicates a 
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displacement of the linear drive relative to a zero displacement position. 

8. The device of claim 1, further comprising an orientation monitoring 
system that measures an angular displacement of the rotatable platform relative to a 
zero angular displacement setting. 

9. The device of claim 1, further comprising a video camera and a display 
monitor. 

10. The device of claim 9, wherein the image rotator comprises and image 
capture and image processing system that captures the image from the video 
camera and rotates the image by an amount selected by the control system. 

11. The device of claim 1, wherein the imaging system comprises an 
microscope. 

12. The device of claim 11, wherein the image rotator comprises a 
rotatable dove prism on an optical axis of the microscope. 

13. The device of claim 1 1, further comprising a video camera and a 
display monitor. 

14. The device of claim 13, wherein the image rotator comprises a 
rotatable Dove prism on an optical axis of the microscope. 

15. The device of claim 13, the image rotator comprises software which 
capable of rotating a video image from the video camera. 

16. The device of claim 1, wherein the imaging system comprises a 
scanning probe microscope. 



1 7. The device of claim 1 , wherein the imaging system comprises a 
scanning microscope. 

5 18. The device of claim 17, further comprising an image processing system 

and display monitor. 

19. The device of claim 17, wherein the image rotator consistent comprises 
a set of beam deflectors that changes orientation of an area scanned on the surface 

10 of the object. 

20. The device of claim 1 7, wherein the scanning microscope is an 
scanning electron-beam microscope. 

15 21. The device of claim 17, wherein the scanning microscope is an 

scanning ion-beam microscope. 

22. The device of claim 1, wherein the imaging system comprises a 
confocal microscope. 

20 

23. The device of claim 22, further comprising an image processing system 
and a display monitor. 

24. The device of claim 1, wherein the image rotator comprises a rotatable 

2 5 dove prism. 

25. The device of claim 1, wherein the image rotator comprises software 
which allows rotation of a digitized image. 

3 0 26. The device of claim 1 , wherein the control system comprises a 
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processor executing a module that converts Cartesian coordinate input commands 
relative to an image of the object to polar coordinate stage commands and image 
rotator commands. 



5 27. A method for viewing an object, comprising: 

mounting the object on a polar coordinate stage; 
viewing an image of a region of the object; 
using the polar coordinate stage to move the object; and 
rotating the image of the object as the object moves so that features in the 
1 0 image retain a fixed orientation while the object rotates. 

28. A measuring device comprising: 

a polar coordinate stage including a rotatable platform for mounting of a 
sample; 

15 an alignment system including an edge detector and a processing system 

that identifies a position of the sample from measurements that the edge detector 
takes while the polar coordinate stage rotates the sample; 

a measurement system for measuring a physical property of a portion of the 
sample that the polar coordinate stage moved into a field of view of the 
2 0 measurement system; and 

an imaging system for obtaining an image of a portion of the sample that 
the polar coordinate stage moved into a field of view of the imaging system. 



29. The measuring device of claim 28, further comprising an image rotator 
2 5 that rotates the image to compensate for rotation of the sample by the polar 
coordinate stage. 



30 



30. The measuring device of claim 29, wherein the alignment system 
further comprises a pattern recognition module that identifies a feature in the image 
as rotated by the image rotator and from identification of the feature, determines a 
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position of the sample. 

3 1 . The measuring device of claim 29, wherein the imaging system 
includes a video camera and the image rotator rotates a video image from the video 

5 camera. 

32. The measuring device of claim 29, wherein the image rotator 
comprises contains an optical element for rotating the image. 

10 33. The measuring device of claim 28, wherein the alignment system 

further comprises a pattern recognition module that identifies a feature in the image 
and determines a position of the sample. 

34. A measuring method comprising: 
15 mounting a sample on a polar coordinate stage, wherein the sample as 

mounted has a position known to a first accuracy; 

measuring edge locations of the sample while the polar coordinate stage 
rotates the sample; 

prealigning the sample by determining the position of the sample from the 
2 0 edge locations, wherein the prealigning determines the position of the sample to a 
second accuracy; 

using the polar coordinate stage to move the sample so that a view area of 
an imaging system contains a first feature; 

rotating an image formed by the imaging system to compensate for rotation 
2 5 of the sample by the polar coordinate stage; 

using a pattern recognition module to process the rotated image and 
identify a first location corresponding to the first feature; and 

measuring a property of the sample at a point having a position identified 
relative to the first location. 

30 



-19- 



434216 vl 



35. The method of claim 34, further comprising: 

using the polar coordinate stage to move the sample so that the view area of 
the imaging system contains a second feature; 

rotating the image formed by the imaging system to compensate for a 
5 rotation of the sample by the polar coordinate stage while moving to the second 
feature; 

using a pattern recognition module on the rotated image to identify a 
second location corresponding to the second feature; and 

using identification of the first and second locations to determine the 
1 0 position of the sample to a third accuracy. 



36. The method of claim 34, further comprising: 

using the polar coordinate stage to move the sample so that a plurality of 
measurement points are sequentially position for measurement of the property of 
1 5 the sample at the points; and 

sequentially measuring the property of the sample at the measurement 

points. 
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ABSTRACT 

A method for controlling a polar coordinate stage moves an object relative 
to an imaging system. While moving the object, the image of the object is rotated 
to compensate for rotation of the object. Accordingly, the orientations of features 
5 in the image are preserved, and removal of apparent rotation in the image reduces 
confusion an operator experiences while directing movement of the object. The 
angular velocity of the motion of the object is controlled so that image shift speed 
is independent of the radial position of the point being viewed. Use of a polar 
stage, reduces the required foot print for a stage and facilitates prealignment. In 

1 0 particular, an edge detector measures the position of the edge of the object while 
the polar coordinate stage rotates the object. A prealignment process determines 
the position and orientation of the object from the measured edge positions. A 
further alignment process uses automated pattern recognition which more easily 
identifies features on the object when the image is rotated so that the orientations 

15 of the feature are approximately known. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below adjacent to my name, 

I belisvc I am the original, first and solo inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of subject matter (process, machine, manufacture, or 
composition of matter, or an improvement thereof) which is claimed and for which a patent is sought by 
way of the application entitled System Using A Polar Coordinate Stage And Continuous Image Rotation 
To Compensate For Stage Rotation 

which (check) gj is attached hereto. 

Q and is amended by the Preliminary Amendment attached hereto. 

Q was filed on *» Application Serial No. 

□ and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge tee duty to discloss information, which is material to patentability as defined in Title 37, 
Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Cede, § 1 19(a)<d) of any foreign 
applications) for patent or inventor's certificate or any PCT international application^) designating at 
least one country other than the United States of America listed below and have also identified below any 
foreign application(s) for patent or inventor's certificate or any PCT international applications) 
designating at least one country other than the United States of America filed by me on the same subject 
matter having a filing date before that of the applications) of which priority is claimed: 



Prior Foreign Application^) 


Priority Claimed 


Number 


Country 


Day/Month/Year Filed 
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I hereby claim the benefit under Title 35, United States Code, § 1 19(e) of any United States provisional 
applications) listed below: 



Provisional Application Number 


Filing Date 
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I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application^) 
or PCT international application(s) designating the United States of America listed below and, insofar as 
the subject matter of each of die claims of this application is not disclosed in the prior application^) in 
the manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the 
duty to disclose information, which is material to patentability as defined m Title 37, Code of Federal 
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Regulations, § 1.56. which became available between the filing date of the prior application(s) and the 
national qr PCT international filing dale of this application: 



Application Serial No. 


Filing Date 


Status (patented, pending, abandoned) 


N/A 







I hereby appoint the following attorney(s) and/or agents) to prosecute this application and to transact all 
business in the United States Patent and Trademark Office connected thercwiih: 



AlanH. MacPherson (24,423); Thomas S. MacDonald (17.774); Kenneih E. Leecs (30,566); Brian D 
Ogonowsky (31,988); David W. Heid (25,875); Norman R. Klivans (33,003); Edward C. Kwok (33.938); David 
E. Steuber|(25,557); Michael Shenker (34,250); Stephen A. Terrile (32,946); Peter H. Kang (40,350); T. Lester 
Wallace (34,748); Ronald J. Meetin (29,089); Ken John Koestner (33,004); Omku K. Surysdevara (36,320); 
David T. Millers (37,396); KentB. Chambers (38,839); Serge J. Hodgson (40,017); David M, Sigmoxid 
(34.013); Michael P Adams (34,763); Bernard Berman (37,279); Michael J. Halbert (40,63:i); Gary J Edwards 
(4 1,008); William B. Tiffany (41,347); James P,. Parsons (34,691); Daniel Stewar: (41,332); Philip W Woo 
(39,880); and John T. Winbum (26,822). 



Please address all correspondence and telephone calls to: 



David T. Millers 
Attorney for Applicants) 
BKJERVEN, MORRILL, MacPHERSON, FRANKLIN & FRIEL LLP 
25 Metro Drive, Suite 700 
San Jose, California 951 ) 0-1349 



Telephone: 408-453-9200 
Facsimile: 408-453-7979 



I declare that all statements made herein of my own knowledge are true, all statements made herein on 
information and belief are believed io be true, and all statements made herein are made with the 
knowledge that whoever, in any matter within the jurisdiction of the Patent ar d Trademark Office, 
knowingly and willfully falsifies, conceals, or covers up by any trick, scheme, or device a material fact, 
or makes any false, fictitious or fraudulent statements or representations, or makes or uaes any false 
writing or document knowing the same to contain any false, fictitious or fraudulent statement or entry, 
shall be subject to the penalties including fine ur imprisonment or both as set forth under 18 U.S.C. 1001, 
and that violations of this paragraph may jeopardize the validity of the appikiition or this document, or 
the validity or enforceability of any patent, trademark registration, or certifies te resulting therefrom. 



Full name of first joint inventor: Robert Buchanan 

Inventor's! Signature: ^ /^L^Lt-*- . — - Date: ^ ^ 

Residence: Pleasanton, California * f 

Post Office Address: 3688 Foothill Road Citizenship: U.S. 

Pleasanton, CA 94588 
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Full name of second joint inventon 
Inventor's Signature: 

Residence: Mountain View, California 

Post Office Address: 339 Stierlia Road * 

Mountain View, CA 94043 



Richard A. Yarussi 



Full name of second joint inventor: 



Blaine R. Spady 



Inventor's Signature: jyOAYdL/l 
Residence: San Jose, Caiifoi 

Post Office Address: 404 Huckleberry Drive 
San Jose, CA 95123 
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Dear Sir: 

I declare that I am an official empowered to act on behalf of the concern identified 
above as assignee. 

Exclusive rights to the above invention as described in 



^ the specification filed herewith, 
Q U.S. patent application Serial No._ 



_, filed 



have been conveyed to and remain with the above concern. 

For purposes of paying reduced fees under Section 41 of Title 35 of the United States 
Code with regard to this invention, I declare that the above concern qualifies as a small 
business concern as defined in 13 CFR 121.12 and reproduced in 37 CFR 1 .9(d), namely, the 
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under contract or law to assign, grant, convey or license, any rights in the invention to any 
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person made the invention, or to any concern which would not qualify as a small business 
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enforceability of any patent, trademark registration, or certificate resulting therefrom. 
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